Ocular tuberculosis (TB) commonly causes severe inflammation and vision 2 loss in TB-endemic countries. The mechanism by which tuberculous infection 3 becomes established in the eye is poorly understood. We used Mycobacterium 4 marinum-infected zebrafish larvae to study the early pathogenesis of ocular TB and 5 found hematogenous bacterial seeding of the eye despite a functional blood retinal 6 barrier. Prototypical early granulomas formed that involved the retinal vasculature 7 and retinal pigment epithelium-choroid complex; characteristic locations for human 8
Peripheral monocyte recruitment assay: For these experiments, 8 5 Tg(mfap4:tdTomato) fish with red-fluorescent macrophages were injected with a 8 6 lower dose (25 CFU) of Wasabi-expressing green-fluorescent M. marinum. Fish were 8 7 screened for granuloma formation at 6 dpi (9 dpf) and then injected with 200 mg/mL 8 8 Hoecsht 33342 dye (Invitrogen). Recruitment of Hoechst-positive peripheral 8 9 monocytes was evaluated by confocal microscopy 24 hours later. which the BRB is already established). For this, we injected red-fluorescent M. 9 7 marinum into the caudal vein of transgenic mpeg:YFP larvae with yellow fluorescent 9 8 macrophages. We observed ocular infections in approximately 20% of the animals in 9 9 multiple experiments, with the majority of infections already apparent 1 day post-1 0 0 injection (dpi) (table S1). Since an appreciable frequency of seeding to the eye was 1 0 1 occurring in the presence of the BRB, it appeared that it was not a significant 1 0 2 deterrent to bacterial traversal into the eye. To test this directly, we compared the 1 0 3 frequency of infected eyes after 1 day of infection of 3 dpf larvae to 2 dpf where the expectations, presence of the BRB did not inhibit bacterial seeding of the eye. In fact, 1 0 7 the 3 dpf animals had a slightly higher frequency of infection (figure S1), possibly due to an increased number of bacteria traversing through the eye due to the increased 1 0 9
retinal vasculature at this stage of development [8] . In any case, these findings
showed that the BRB is not a significant deterrent to hematogenous seeding of 1 1 1 mycobacteria into the eye. in other parts of the body [6, 10] . In a few instances (~5% eyes), we observed 1 1 8 seeding of the eye at 1 dpi, with the infections not visible on repeat imaging, 1 1 9
suggesting they had resolved or that the bacteria were transiently in the eye. In 1 2 0 support of the former possibility, we have found that infection foci elsewhere in the 1 2 1 body can also resolve, a phenomenon that has been observed in humans and 1 2 2 nonhuman primates [11] [12] . In support of the latter possibility, we noted occasional macrophage aggregates with the same kinetics as elsewhere in the body. (Figure 1 a-c) . We found that mycobacterial infection was similarly 1 3 3 localized in the zebrafish eye. Figure 1B showing the eye of a zebrafish with green corresponding to the choroiditis lesion seen in the human eye. Figure 1C shows a The eye has a population of tissue-resident macrophages (retinal microglia) granulomas. However, we wanted to ask if peripheral blood monocytes were also 1 5 0
recruited to the forming granuloma in the eye, as they are in the context of Next, we assessed zebrafish infected through caudal vein at 3 dpf for granuloma 1 5 5 formation in the eye at 6 dpi, and injected the Hoechst dye in fish that had 1 5 6
granulomas. Twenty-four hours after the injection, we found no dye leakage through 1 5 7
the BRB, suggesting that there was not a gross breakdown of the BRB at this stage 1 5 8 of the infection. When we imaged the developing granulomas, we found Hoechst- Whether there is localized breakdown of the BRB close to the lesions remains to be 1 6 3 assessed as our imaging was not of sufficient resolution. Further, the findings that TB in a sanatorium, showed that 1.4% had ocular TB as well [14] . The much higher relatively high inoculum introduced directly in the blood stream. Alternatively, we may 1 7 7 be looking at very early events that do not necessarily progress to clinically apparent 1 7 8
lesions. In either case, the ability to study the first seeding event to the eye and the 1 7 9
varying consequences thereof may shed light on these early events that have Two insights into the pathogenesis of ocular TB emerge from this pilot study. 
